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Abstract
Objectives: Workplace-based selective prevention of mental health problems cur-
rently relies on subjective evaluation of stress complaints. Hair cortisol captures 
chronic stress responses and could be a promising biomarker for the early identifi-
cation of mental health problems. The objective was to provide an overview of the 
state-of-the-art knowledge on the practical value of hair cortisol in the occupational 
setting.
Methods: We performed a scoping review of cross-sectional and longitudinal stud-
ies in PubMed, Embase, and PsycINFO up to November 2019 assessing the relations 
of hair cortisol with work-related stressors, perceived stress, and mental health out-
comes in healthy workers.
Results: We found five longitudinal studies, of which two observed an increase in 
work-related stressors to be associated with higher hair cortisol, one found a rela-
tion with lower hair cortisol and one did not find a relationship. Findings of cross-
sectional studies were also mixed. The one available longitudinal study regarding 
mental health showed that hair cortisol was not related to depressive symptoms.
Conclusions: Hair cortisol measurement within occupational health research is still 
in its early stage and more longitudinal studies are urgently needed to clarify its rela-
tionship with work-related stressors and perceived stress before hair cortisol can be 
used to identify workers at risk for mental health problems.
K E Y W O R D S
disease prevention, glucocorticoids, mental stress, work related
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1 |  INTRODUCTION
Chronic stress has adverse effects on many aspects of human 
development and health, among which the developing human 
brain,1 cardiovascular,2 and mental health.3,4 Chronic stress is 
also a threat to the mental health and well-being of the work-
ing population.5,6 Various mental and physical stressors can 
cause chronic stress in workers, these can be either work-re-
lated, related to the private or personal life of the worker, or 
both. Workplaces are not only a potential source of stress, 
they also provide a vital context in which to both protect and 
promote the health of workers. The workplace has been iden-
tified as a platform to reach the population with preventive 
programs.7 Workers constitute a large proportion of the popu-
lation and they can be reached through the facilities already in 
place at the workplace, such as occupational health services 
and Employee Assistance Programs. Preventive strategies for 
chronic stress at workplaces can target workers at three lev-
els, all workers (universal prevention), workers at high risk of 
developing a mental health problems (selective prevention), 
and workers with a current mental health problem (indicated 
prevention). Various interventions are available directed at 
either improving the psychosocial aspects of work in a uni-
versal prevention strategy,8 reducing the negative impact of 
stress as part of selective prevention,9-11 or improving work 
outcomes in workers with mental health problems, constitut-
ing an indicated prevention strategy.12-14
Identification of workers who have a high risk of expe-
riencing chronic stress with the associated (mental) health 
consequences, is a key part of workplace-based selective pre-
vention. Current prevention programs rely on the subjective 
evaluation of work or other stressors and stress complaints 
by workers with most of the studies using self-report instru-
ments. These instruments are not equipped to measure uncon-
scious exposure to stressors or the effects of mental stress to 
the body. Moreover, exposure to stressors is measured at one 
point in time,15-17 whereas sustained exposure is likely most 
harmful to the (mental) health of workers.4 Epidemiological 
studies looking at the health effects of cumulative exposure 
to work stressors are still rare.15-17
In search for biomarkers of stress, cortisol has been at 
the focus of attention of researchers, including those in the 
field of occupational health. In response to a mental or phys-
ical stressor, cortisol is involved in energy mobilization by 
stimulating the production of glucose and the mobilization 
and brake-down of fatty acids. Cortisol is also involved in 
the suppression of the immune-system via the inhibition of 
pro-inflammatory cytokines.18,19 This bodily response of cor-
tisol release in response to stressors is within seconds but not 
as quick as the response via the autonomous nervous system. 
The hypothesis is that when the stressor remains or is repeat-
edly present and the body develops a chronic response to 
stressors, these responses can become harmful to long-term 
health.20 Studies in occupational health have most often used 
cortisol in saliva, blood, and urine to examine the link be-
tween work stressors and stress reactions.21 However, these 
studies either focused on exposure to working conditions that 
disrupt the biorhythm of workers, such as shift work.22 Or 
they were only able to capture short-term stress responses in 
reaction to work stressors, as saliva and blood samples repre-
sent cortisol concentrations from 20 minutes to several hours 
before the samples were taken.23
Advances in the field of stress biomarkers now allow for 
hair cortisol concentrations (HCC) to provide an easily obtain-
able index of cortisol levels over a period of several months 
using the predictable growth rate of hair.24-33 The test-retest 
reliability of HCC within individuals is considered good,24,34 
although the more distant parts of the hair seem less reliable. 
HCC can be determined using various techniques, such as 
immunoassay ELISA or LC-MC/MS methods35,36 with both 
type of analytical methods being well correlated.37 Although 
cut off values for HCC have not yet been determined, refer-
ence values in healthy people using different analysis tech-
niques have been established.37,38 Promising results have 
been found, showing a relationship between exposure to 
stressors and an increase in hair cortisol,20 and also linking 
hair cortisol to cardiovascular disease.39-41 Early identifica-
tion of increased cortisol could become an important starting 
point for occupational health selective prevention programs. 
Nevertheless, several unanswered questions currently pre-
clude the use of hair cortisol in workplace-based prevention. 
Evidence for the reliability and feasibility of HCC measure-
ments have now been established albeit not yet particularly 
within an occupational health setting. Evidence of associa-
tions between HCC measurements and work-related mental 
stress is now developing.
Scoping reviews are a way of mapping the key concepts 
that underpin a research area, and they can be particularly 
useful for bringing together literature in disciplines with 
emerging evidence.42,43 As the research on cortisol and the 
relation with biological and psychological stress is still in its 
early stages and comes from various research fields, the cur-
rent scoping review aims to deepen the understanding of the 
potential of measuring HCC to identify high-risk workers for 
preventive interventions. In this review, the state-of-the-art 
knowledge on the value of HCC for occupational healthcare 
is explored and the types of available evidence are identified 
for three situations relevant in occupational healthcare:
What evidence is available on the potential use of HCC as:
1. an indicator of exposure to unfavorable working condi-
tions, that is, what is known on the association between 
measurement of HCCs and work-related stressors?
2. an indicator of current stress reactions in workers, that is, 
what is known on the association between measurement of 
HCCs and perceived (work-related) stress?
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3. a predictor of future common stress-related health prob-
lems, that is, what is known on the predictive value of 
measuring HCC for depression, anxiety, and cardiovascu-
lar disorders?
2 |  METHODS
For the design of our scoping review, we followed the guide-
lines as suggested by Peters et al43 and Arksey et al44 and we 
followed the PRISMA-ScR standard for our reporting.45 We 
provide an overview of the existing literature to explore the 
state-of the art with regard to HCC and its potential for use in 
an occupational health setting. We did not register the proto-
col of our scoping review.
2.1 | Search strategy
Two authors (JO, MdJ) independently searched the litera-
ture in PubMed, Embase, and PsycINFO up to November 
2019. Thereafter, we used a snowball for other potentially 
relevant studies. As the amount of literature on hair cortisol 
is still rather limited we decided to use a broad search strat-
egy to answer our questions. We used the following search 
terms (including synonyms and closely related words) as 
index terms or free-text words: (a) cortisol, (b) hair, and (c) 
stress, depression, anxiety, well-being, burn-out, demand, 
cardiovascular disease, or mortality (see Appendix S1 for 
details).
2.2 | Inclusion criteria
Three authors (FS, GH, and KN) examined the full-text 
articles independently to check if the study met the inclu-
sion criteria. Any disagreements that arose were resolved 
via discussion. Inclusion criteria for all three research 
questions were as follows: studies reporting on hair corti-
sol in a working population, written in English or Dutch. 
For research question one, the association with work-
related stressor was an inclusion criterion. For research 
question two, an inclusion criterion was the association 
with stress complaints. For research question three, an 
inclusion criterion was that the study reported on either 
depressive, anxiety, or cardiovascular disorders. For the 
first two research questions, we included both cross-
sectional and longitudinal studies, for the third research 
question we only included longitudinal studies. Exclusion 
criteria for all three research questions were a non-healthy 
or pregnant population (at baseline), and studies dealing 
with non-working populations such as students or infor-
mal caregiving.
2.3 | Charting and summarizing the results
Information of studies on the potential association between 
HCC and work-related stressors or perceived stress were 
charted according to key study characteristics, that is, study 
design, population, gender, ethnicity, age, sample size, hair 
analysis technique, and adjustment procedures. In addition, 
the results of the studies were synthesized according to a 
positive, negative or no association.
3 |  RESULTS
Figure 1 presents the details of the number of studies identi-
fied at each stage of the searching process that were used 
to answer the questions for this scoping review. We found 
22 individual studies, reported on in 25 publications, that 
investigated the association between hair cortisol and work-
related stressors or perceived stress. There were five lon-
gitudinal cohort studies and 17 cross-sectional studies. We 
found only one study that investigated the association be-
tween hair cortisol and future health problems in the work-
ing population.
3.1 | Hair cortisol and work-
related stressors
Hair cortisol concentration in relation to effort-reward imbal-
ance has been studied in four longitudinal46-49 and two cross-
sectional studies23,50 (Tables  1 and 2). Demand-decision 
latitude has been studied in five cross-sectional studies.50-54 
One study among 132 UK employees in the public sector 
observed no association between effort-reward imbalance 
and HCC after 3  months follow-up.46 Herr et al published 
two longitudinal studies among men of a metal manufactur-
ing plant and observed in one study among 40 employees 
with relatively low levels of effort-reward imbalance that an 
increase in effort-reward imbalance was associated with an 
increase in HCC over a 1-year follow-up period.48 Effort-
reward imbalance was not associated with HCC after 3-year 
follow-up among 66 employees in the Herr et al study.47 In 
contrast, another longitudinal study,49 found an increase in 
effort-reward imbalance over 2 years to be associated with a 
decrease in HCC over time in a sample of 150 workers from 
various workplaces.
Both cross-sectional studies observed that higher HCC 
were significantly associated with higher effort-reward bal-
ance.23,50 HCC were not associated with factors from the 
demand-decision latitude model in four available cross-sec-
tional studies,50-53 but HCC were positively associated with 
iso-strain (high demand, low control, and low social support) 
in a cross-sectional study.54
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Hair cortisol concentration have been studied in relation 
to various work stressors in one longitudinal study55 and five 
cross-sectional studies53,56-59 (Tables 1 and 2). A longitudi-
nal study55 showed that Swiss youth residential caregivers 
(N  =  121) who experienced verbal or verbal and physical 
aggression had a 1.6 times higher risk of high HCC after 
13-14 months of follow-up compared to those who experi-
enced no aggression. A Dutch study observed that compared 
to day workers, shift workers aged <40  years had higher 
HCC,56 whereas a Belgium study observed lower HCC levels 
in shift workers,53 although the latter study did not correct for 
the common use of (local) corticosteroids, known to decrease 
HCC. A small cross-sectional German study comparing 
employed and unemployed individuals found that the latter 
had higher HCC.57 In addition, in a German cross-sectional 
study, instrumental leadership (focused on results, not on re-
lationships) was negatively associated with HCC but trans-
formational leadership (focused on change in tandem with 
committed members of a group) was not.58
Finally, high surface acting (ie, modifying affective dis-
plays by suppressing their felt emotions) was correlated with 
high HCC among kindergarten teachers in China.59
F I G U R E  1  PRISMA flow diagram
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Overall, evidence for an association between HCC and 
work-related stressors from longitudinal studies is inconsis-
tent as three studies found a positive association48,55,60 and 
two did not46,47 (Tables 1 and 2). Cross-sectional studies also 
show inconsistent results for effort-reward imbalance and de-
mand-decision latitude, whereas HCC were positively associ-
ated with shift work, aggression, type of leadership, and type 
of emotional labor in single studies.
3.2 | Hair cortisol and perceived work-
related stress
Two longitudinal46,60 and seven cross-sectional studies51,61-66 
investigated the associations between HCC and burnout or 
perceived stress (Tables 1 and 2). Among 74 medical interns 
an increase in HCC was significantly correlated with an in-
crease in perceived stress over 1-year period.60 In contrast, 
another longitudinal study observed no significant associa-
tion between HCC and perceived stress among UK employ-
ees in the public sector over a 3-month follow-up period.46 
The cross-sectional studies also showed mixed results, with 
some studies finding a positive association between HCC and 
burn-out61,66 and HCC and perceived stress,62,64,65 and other 
studies finding no association with burn-out51 or perceived 
stress.63 Two cross-sectional studies looked at the association 
between Need for Recovery and HCC, with one study finding 
no significant association63 and one finding a significant cor-
relation of HCC with a favorable outcome, a lower Need for 
Recovery.52 Finally, one cross-sectional looked at the stress 
symptom “cognitive disorganization,” but found no signifi-
cant relation with HCC.67
3.3 | Predictive value of HCC
There is a lack of longitudinal studies on the relationship be-
tween HCC and health outcomes (Tables 1 and 2). The only 
available longitudinal study68 showed an increase in HCC 
and depressive symptoms in medical interns, but the increase 
in HCC and depressive symptoms were not related to each 
other.
4 |  DISCUSSION
4.1 | Main results
With this scoping review, we sought for state-of-the-art 
knowledge on the practical value of HCC within the occupa-
tional health context. We found that only a limited number of 
longitudinal studies were conducted on the relationship be-
tween HCC and work-related stress or stressors. The findings 
across studies were inconsistent. Most striking was the in-
consistency in findings of longitudinal studies of the work 
stressor Effort-Reward Imbalance and HCC; The Herr 2018 
study found a statistical significant relation of higher HCC 
related to more imbalance, whereas the Penz 2019 study 
found a statistical significant relation of higher HCC and 
less imbalance. And the Herr 2017 and Gidlow 2017 studies 
both found no statistical significant relation between Effort-
Reward Imbalance and HCC. The inconsistent findings may 
be partly attributed to the sample sizes and selection bias; 
both Herr studies had less than 70 participants, primarily 
men and all from one workplace who had participated in a 
stress reduction program. While the Gidlow 2017 and the 
Penz 2019 studies both had larger sample sizes (n = 153 and 
n = 150, respectively), the Penz 2019 included heterogene-
ous sample, but the Gidlow 2017 only included workers from 
two workplaces.
They further used different longitudinal designs. The 
Gidlow study measured Effort-Reward Imbalance at baseline 
and HCC 3 months later, whereas the Penz study measured 
both Effort-Reward Imbalance and HCC at baseline, after 
one and after 2 years of follow-up. In sum, the status of HCC 
as an indicator of unfavorable working conditions and of sub-
sequent stress reactions has not been clarified in the currently 
available literature. We further only found one longitudinal 
study investigating the relationship between HCC and mental 
health. This study showed that an increase in HCC was not 
related to an increase in depressive symptoms. Therefore, the 
available evidence on HCC as a predictor of future health 
problems is also limited.
4.2 | Comparison with the literature
Occupational healthcare has been focusing more and more on 
preventing work-related mental stress.69 Not only is too much 
exposure to work stressors related to mental health issues,70,71 
there is also a substantial amount of literature linking work 
stressors, such as job strain and long working hours, to an 
elevated risk of incident coronary heart disease and stroke.72 
In the majority of studies perceived work stress is measured 
with questionnaires based on different stress models, such as 
job demands and control or effort-rewards imbalance. The 
prevention of work-related stress and its consequences could 
be enhanced by insights on the interplay of work stressors, 
psychological, and biological processes. However, our find-
ings show that the body of evidence linking HCC to work 
stressors and stress responses is not sufficient to unravel the 
combined psychological and biological pathway of work 
stressors leading to health outcomes. Besides the potential 
association between mental stress and HCC, the recent inter-
est of occupational healthcare research in linking HCC with 
other occupational risk factors, such as shift work, highlights 
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the need for more longitudinal studies on HCC within the 
occupational setting.28 For now, the practical value of HCC 
measurements in occupational health is limited. Compared 
to a meta-analysis of HCC associations with a wide range of 
outcomes conducted 3  years earlier than this review,20 the 
state of knowledge relevant to occupational health has not 
substantially increased. In that analysis, only ongoing stress 
was found to be related to HCC, but no further associations 
with future stress-related symptoms or mental disorders were 
investigated.
In other medical domains, however, the more biologi-
cal pathway of stressors such a hormonal imbalance due to 
Cushing Syndrome leading to abdominal obesity and many 
other health problems, or the relation between stressful life-
events, HCC and psychiatric illness has already been an im-
portant topic for researchers.39,73 There indeed seems to be 
a relationship between hormonal changes or imbalance and 
disease, but to what extent these hormonal changes can also 
predict long-term disease still needs further study.74 The 
question remains whether psychological stressors, such as 
high work load and unperceived stress,73 can be measured 
with HCC, and to what extent this measurement is predic-
tive for future disease and related sick leave. We found many 
small cross-sectional studies for the assessment of work 
stressors and perceived work stress. As perceived work stress 
is not yet standardized with one clear cut-off level using one 
particular model integrated into one questionnaire accepted 
by all, correlating perceived work stress with HCC will re-
main challenging for future research. Furthermore, the tem-
poral relationship between work stressors and HCC may not 
be linear, with the possibility of differential effects on corti-
sol secretion related to short term versus chronic stressors.75
We suggest a large longitudinal study design using var-
ious types of workers and combining both biological and 
psychological measurements for more understanding of the 
potential added value of HCC in an occupational context. 
The first step should be assessing acceptability for workers 
to have HCC routinely measured as a marker for both per-
ceived as unperceived stress, although large-scale studies in 
both population-based cohorts as well as pediatric or patient 
cohorts show the feasibility of hair analysis.30 The next step 
should be to establish cut-off scores for those with prolonged 
high work stress based on accepted standardized measure-
ments for perceived work stress. The last step should then 
be to assess whether prolonged high HCC is related to an 
increased risk of disease in the future.
4.3 | Methodological considerations
This scoping review used the methodological framework as 
suggested43,44 to achieve in-depth and broad results to explore 
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the data within this scoping review had the focus of assessing 
the value of HCC for occupational healthcare. Using this meth-
odology was helpful to identify the available evidence of HCC 
from the perspective of the use of HCC in occupational health. 
However, the choice to conduct a scoping review entails that 
we did not generate a critically appraised and synthesized an-
swer to a strictly defined research question. As we identified 25 
papers, one might argue that a systematic review would have 
been more appropriate. However, these 25 papers covered three 
separate relationships of HCC, with stressors, stress responses, 
and health outcomes. And we identified no more than five lon-
gitudinal studies. Given the current state of the art, systematic 
reviews on HCC as an indicator of exposure to stressors and 
current stress reactions, and as a predictor of future stress-re-
lated health problems should be performed after longitudinal 
primary studies in large, heterogeneous sample sizes have been 
conducted with repeated measures of both HCC and the predic-
tor of interest over a longer period of time.
4.4 | Conclusion and implications
After having reviewed the literature relevant to the applica-
tion of hair cortisol measurement in an occupational health 
setting, we conclude that several prerequisites to such appli-
cation in practice have not yet been met. Prospective studies 
in working populations are needed to first show which (dura-
tion of) high HCC levels are related to mental and physical 
health problems. Moreover, to guide preventive efforts in the 
occupational health setting, the relationship between HCC 
levels and exposure to perceived work stressors needs to be 
more clear.
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T A B L E  2  Synthesis of studies investigating the associations between hair cortisol and work-related stressors and perceived stress
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Effort-reward imbalance Herr et al 201848; Qi et al 201423; 
Van der Meij et al 201850
Gidlow et al 201646; Herr et al 201747 Penz et al 201949
Demand-decision latitude Hall et al 201854 Mclennan et al 201651; Van der Meij 
et al 201850; Qi 201552; Janssens et al 201753
Shift work Manenschijn et al 201156 (<40 yr) Manenschijn et al 201156 (≥40 yr) Janssens et al 201753
Unemployment Dettenborn et al 201057
Verbal and physical aggression Kind et al 201855
Surface learning Qi et al 201759
Deep learning Qi et al 201759
Transformational leadership Rowold et al 201758
Instrumental leadership Rowold et al 201758
Perceived stress
Burn-out Penz et al 201861 (dichotomous 
outcome); Wang et al 201966 
(exhaustion & depersonalization)
Mclennan et al 201651 (exhaustion & 
depersonalization); Penz et al 201861 
(continuous outcome); Wang et al 201966 
(personal accomplishment)
Mclennan 
et al 201651 (personal 
accomplishment)
Perceived stress Faresjö et al 201462; Mayer 
et al 201860; O-Brien et al 201364; 
Wells et al 201465
Gidlow et al 201646; Van Holland et al 201263
Need for recovery Van Holland et al 201263 Qi et al 201552
Cognitive disorganization Boschi et al 201767
Health outcomes
Depression Mayer et al 201868
Note: Longitudinal studies are highlighted in bold.
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